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<^< frame in which the offshore structure is assembled on land in an upright configuration. The frame is used for lifting the structure 
O onto a transport vessel, on which it is retained in the upright configuration. At its location of use, the offshore structure is transferred 
^ to a pre-prepared foundation. The foundation is provided with a frame which cooperates with the supporting frame. The supporting 
Q frame includes a plurality of legs having hydraulically controlled feet. The frame of the foundation includes an equal number of 

supporting formations on which the feet ultimately rest. The feet are moveable in response to the hydraulic control along a nominally 

vertical line of action and provide a damping arrangement for the mounting of the offshore st 
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Installation of Offshore Structures 

The present invention relates to methods and apparatus for the installation of offshore 
structures, and in particular offshore structures such as wind turbine generators. The 
5 invention also relates to methods and apparatus for transporting wind turbine generators 
and similar offshore structures to their location of use offshore. 

BACKGROUND 

10 Mounting large structures such as wind turbine generators in offshore locations involves 
a number of complexities. Because of the size of the structures they are inherently 
difficult to transport and there are significant handling issues in achieving a correct 
alignment of the structure with its offshore support base, jacket or foundation. These 
difficulties are aggravated when the sea conditions are less than ideal. In relatively 

15 shallow waters it is possible to use so-called jack-up barges which, when the jacks are 
extended to at least partially support the barge on the seabed, provide a stable platform 
from which the offshore structure can be mounted on its offshore support base. 
However, it is increasingly required to mount structures such as wind turbines in deeper 
water where jack-up barges cannot operate. The present invention seeks to provide a 

20 method and apparatus which is particularly suitable for the mounting of offshore 
structures in deeper waters and further which is especially suitable for mounting tall 
structures or relatively small width, such as wind turbine generators. 

More especially, the present invention seeks to provide a system or construction in the 
25 form of co-operating apparatus, and a method, by which an offshore structure such as a 
wind turbine generator can be fully assembled on shore, lifted onto a transporting vessel 
such as a floating crane barge and moved on the vessel to its final installation position 
whereat the offshore structure is transferred from the vessel and mounted on a pre- 
installed foundation or jacket. The system of the invention transports the offshore 
30 structure in an upright configuration. In the case of a WTG (and similarly for other tall, 
narrow offshore structures which typically include a shaft, mast or tower which is 
arranged vertically in use), the WTG is relatively delicate and is also stiff in the 
longitudinal (vertical) direction. This makes it especially important to avoid shocks when 
mounting the WTG on its offshore foundation. Usually, the centre of gravity of 
35 structures such as WTGs is at a height which is more than twice the width of the base of 
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the structure so that in handling the structure in an upright configuration, instability of the 
structure is a major concern. 

BRIEF SUMMARY OF THE DISCLOSURE 

According to a first aspect of the present invention there is provided apparatus for use in 
supporting an offshore structure including a longitudinally extensive shaft, mast or tower, 
the apparatus comprising: 

a frame including an engaging portion configured to engage the shaft, mast or 
tower, a plurality of legs configured to rest on an underlying supporting surface and 
a plurality of lifting formations by which the frame may operatively be lifted, the 
frame being configured to support and carry the offshore structure with the shaft, 
mast or tower in a substantially upright condition. 

Preferably each leg includes an adjustable foot, each foot being moveable between an 
extended condition and a retracted condition and wherein the apparatus further 
comprises a control arrangement operable to control the movement of each foot. 

Preferably each foot moves along a line of action, the lines of action of the respective 
feet being parallel and nominally vertical when the offshore structure is supported with 
the shaft, mast or tower in its substantially upright condition. 

According to a second aspect of the present invention there is provided apparatus for 
transporting an offshore structure including a longitudinally extensive shaft, mast or 
tower and for mounting the offshore structure on an offshore support base, the 
apparatus comprising: 

a frame including an engaging portion configured to engage the shaft, mast or 
tower, a plurality of legs configured to rest on an underlying supporting surface and 
a plurality of lifting formations by which the frame may operatively be lifted, the 
frame being configured to support and carry the offshore structure with the shaft, 
mast or tower in a substantially upright condition 
a transporting vessel, 

a pair of lifting cranes mounted on the vessel, the lifting cables of the cranes beirig 
operatively connected to the lifting formations of the frame, whereby the offshore 
structure, carried in the frame may operatively be lifted from land onto the vessel. 
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Preferably the apparatus further comprises a spreader beam operatively arranged above 
the centre of gravity of the combined offshore structure and frame, the spreader beam 
being attached to the lifting cables of the crane and operatively moveable with respect to 
the longitudinal dimension of the shaft, mast or tower. 

5 

Most preferably the shaft, mast or tower of the offshore structure passes through the 
spreader beam. 

Preferably each leg includes an adjustable foot, each foot being moveable between an 
1 0 extended condition and a retracted condition and wherein the apparatus further 
comprises a control arrangement operable to control the movement of each foot. 

Preferably each foot moves along a line of action, the lines of action of the respective 
feet being parallel and nominally vertical when the offshore structure is supported with 
1 5 the shaft, mast or tower in its upright condition. 

According to a third aspect of the invention there is provided an offshore support 
apparatus for use in mounting in or on an offshore foundation an offshore structure 
including a longitudinally extensive shaft, mast or tower, the offshore structure being 
20 operatively carried with the shaft, mast or tower in a substantially upright condition in a 
frame including an engaging portion configured to engage the shaft, mast or tower, a 
plurality of legs configured to rest on an underlying supporting surface and a plurality of 
lifting formations by which the frame may operatively be lifted, the offshore support 
apparatus comprising 

25 attachment means configured operatively to attach the offshore support apparatus 

to the offshore foundation, a support frame depending from the attachment means 
and a plurality of supporting formations equal in number to the number of legs of 
the frame and configured to support respective legs of the frame. 

30 According to a fourth aspect of the present invention there is provided a system for 

mounting, in or on an offshore foundation, an offshore structure including a longitudinally 
extensive shaft, mast or tower, the system comprising: 

a frame including an engaging portion configured to engage the shaft, mast or 
tower, a plurality of legs configured to rest on an underlying supporting surface and 
35 a plurality of lifting formations by which the frame may operatively be lifted, the 
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frame being configured to support and carry the offshore structure with the shaft, 
mast or tower in a substantially upright condition; and 
an offshore support apparatus comprising attachment means configured 
operatively to attach the offshore support apparatus to the offshore foundation, a 
5 support frame depending from the attachment means and a plurality of supporting 

formations equal in number to the number of legs of the frame and configured to 
support respective legs of the frame. 

Preferably the system further comprises: 
1 0 a transporting vessel; and 

a pair of lifting cranes mounted on the vessel, the lifting cables of the cranes being 
operatively connected to the lifting formations of the frame, whereby the offshore 
structure, carried by the frame, may operatively be lifted from land onto the vessel 
and from the vessel onto the offshore support foundation. 

15 

Preferably the system further comprises a spreader beam operatively arranged above 
the centre of gravity of the combined offshore structure and frame, the spreader beam 
being attached to the lifting cables of the crane and operatively moveable with respect to 
the longitudinal dimension of the shaft, mast or tower. 

20 

Preferably the shaft, mast or tower of the offshore structure passes through the spreader 
beam. 

Preferably each leg includes an adjustable foot, each foot being moveable between an 
25 extended condition and a retracted condition and wherein the frame further comprises a 
control arrangement operable to control the movement of each foot, the feet of the frame 
and the supporting formations of the offshore support apparatus being configured so 
that the feet are supported by the supporting formations when the offshore structure is 
mounted in its operative position. 



Preferably each foot moves along a line of action, the lines of action of the respective 
feet being parallel and nominally vertical when the offshore structure is supported with 
the shaft, mast or tower in its substantially upright condition. 
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Preferably the offshore support apparatus further includes alignment means which 
operatively cooperate with the frame to assist in the alignment the legs and the 
supporting formations. 



5 According to a fifth aspect of the invention there is provided a method of mounting an 
offshore structure including a longitudinally extensive shaft, mast or tower on a 
transporting vessel, the method comprising: 

providing on land a frame including an engaging portion configured to engage the 
shaft, mast or tower, a plurality of legs configured to rest on an underlying 
10 supporting surface and a plurality of lifting formations by which the frame may 

operatively be lifted, 

securing the frame to the offshore structure; 

providing a pair or lifting cranes on the transporting vessel, each crane having a 
lifting cable; 

15 connecting the lifting cables to the lifting formations of the frame; and 

lifting the frame carrying the offshore structure from the land to the vessel such that 
at least some of the legs are supported by the deck of the vessel and the offshore 
structure is retained in a substantially upright condition at least partially by the 
action of the cranes. 

20 

Preferably the method of the fifth aspect of the invention further comprises: 

before the step of lifting the frame, providing a spreader beam, mounting the 
spreader beam on the shaft, mast or tower and attaching the lifting cables of the 
cranes to the spreader beam such that the spreader beam may operatively be 
25 moved longitudinally with respect to the shaft, mast or tower; 



According to a sixth aspect of the present invention there is provided a method of 
transferring an offshore structure including a longitudinally extensive shaft mast or tower 
from a transporting vessel to an offshore support foundation, the method comprising 
30 providing: 

a tower supporting apparatus including a frame arranged on the vessel and 
supporting the offshore structure, the frame comprising an engaging portion 
which engages the shaft, mast or tower, a plurality of legs at least some of which 
are supported on the deck of the vessel and a plurality of lifting formations by 
35 which the frame may operatively be lifted; 
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a pair or lifting cranes on the transporting vessel, each crane having a lifting 
cable connected to the lifting formations of the frame; 
a spreader beam mounted on the shaft, mast or tower and to which the lifting 
cables of the cranes are attached, the spreader beam being operatively 
5 moveable longitudinally with respect to the shaft, mast or tower; 

an offshore support apparatus comprising attachment means by which the 
offshore support apparatus is attached to the offshore foundation, a support 
frame depending from the attachment means and a plurality of supporting 
formations equal in number to the number of legs of the frame and configured to 
1 0 support respective legs of the frame 

the method comprising: 

lifting the tower supporting apparatus and offshore structure from the vessel with 
the cranes and retaining the offshore structure with the shaft, mast or tower in a 
substantially upright configuration; 
15 moving the tower supporting apparatus carrying the offshore structure to a position 

above the offshore support foundation and aligning the legs of the frame with the 
support structures of the offshore support apparatus; 

lowering the offshore structure onto the offshore support base such that the legs 
are supported by the supporting formations of the offshore support apparatus; 
20 and securing the offshore structure to the offshore support apparatus. 

Preferably in this method each leg includes an adjustable foot, each foot being moveable 
between an extended condition and a retracted condition and wherein the frame further 
comprises a control arrangement operable to control the movement of each foot, and the 
25 method further comprises: 

allowing each foot to extend and retract substantially freely as the offshore 
structure is lowered to the offshore support apparatus until each foot remains in 
contact with the corresponding support formation of the offshore support 
apparatus; and 

30 adjusting the control arrangement such that retraction of the feet is restricted or 

prevented, whereby the load of the offshore structure is transferred to the offshore 
support apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 
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For a better understanding of the invention and to show how the same may be carried 
into effect, reference will now be made by way of example only to the following drawings 
in which: 

5 Figures 1 A and 1 B show respectively plan and side views of a construction according to 
the invention, prior to lifting of the offshore structure; 

Figure 2 shows a construction according to the invention where the offshore structure is 
in the process of being lifted onto a transporting vessel; 

10 

Figures 3A, 3B and 3C show respectively plan, side and end views of a construction 
according to the invention where the offshore structure is mounted for transit on the deck 
of a transporting vessel; 

15 Figures 4A and 4B show respectively side and end views of a construction according to 
the invention, prior to mounting of the offshore structure on the offshore foundation; 

Figure 5 is a detailed view showing aspects of the construction of the frame and the 
offshore support apparatus according to the invention; 

20 

Figure 6 is a detailed view showing aspects of the construction of the frame and the 
offshore support apparatus according to another embodiment of the invention; 

Figure 7 is a more detailed view of the construction of Figure 6, showing the tower 
25 supporting frame approaching the offshore support structure; 

Figures 8A and 8B show respectively side and end view of the offshore structure when 
first mounted on the offshore foundation; 

30 Figures 9A and 9B are respectively side and end views of a construction according to 
the invention at a stage after that shown in Figures 8A and 8B; 

Figure 10 shows and end view of a construction according to the invention at a stage 
subsequent to that shown in Figures 9A and 9B; 

35 
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Figures 1 1 A, 1 1 B and 1 1 C show respectively plan, side and end views of a spreader 
beam used in the construction according to the invention; and 

Figure 12 shows the spreader beam of Figure 1 1 in a condition for mounting on or 
5 removal from the shaft, mast or tower of the offshore structure. 

DETAILED DESCRIPTION 

In the following description, the offshore structure is referred to for convenience as a 
1 0 WTG. It will be appreciated, however that the method, system and apparatus of the 
invention may be applied to the installation of other offshore structures. Referring now 
to the drawings, the offshore structure 10 is illustrated as a wind turbine generator which 
comprises a tower 12, a nacelle 14 housing generator components and a rotor 16 with 
blades 18. The WTG 10 is constructed on land and assembled at a quayside 20 from 
1 5 where it is collected by a transporting vessel 22. At the quayside 20 the WTG is 
supported in its upright configuration (as shown in Figure 1) by a tower supporting 
apparatus 24 which includes a frame 26 which surrounds the tower 12 and has portions 
28 which engage a lower part of the tower 12. 

20 In operation, typically the frame 26 is assembled at the quayside 20. The frame 26 may 
conveniently comprise one or more sub-frame portions which are joined together at the 
quayside 20 to form the final frame 26. The tower 12 may initially be assembled or 
resting in a configuration in which its longitudinal axis is nominally parallel to the ground 
and is lifted with suitable lifting apparatus such as one or more cranes and, if necessary, 

25 turned into its upright configuration. The tower 12 is then mounted in the frame 26 and 
the frame 26 is secured to the tower 12, such as by joining together of the sub-frame 
portions and/or bolting the frame 26 to the tower 12. The frame 26 includes a plurality of 
legs 30 on which the frame rests 26 when on the quayside 20. Preferably the legs are 
evenly spaced apart. Conveniently the legs 30 lie on a circle of diameter of the order of 

30 1 5m to 25m, most preferably about 20m to 22m. The frame 26 further comprises a 
number of lifting attachments 32 to which lifting cables or slings 34 may be attached for 
lifting the frame 26 and the tower 12. In addition to acting to support the WTG 10 during 
its assembly on the quayside 20, the tower supporting apparatus is advantageous in that 
the centre of gravity of the combined WTG 10 and tower supporting apparatus 24 is 

35 lower than that of the WTG 1 0 alone. This in itself facilitates handling of the WTG 1 0. 



WO 2007/091042 



PCT/GB2007/000400 



9 

A spreader beam 36 is also provided. The spreader beam 36 forms a wide rigid 
connection which gives stability to the WTG 10 during lifting. For lifting and transporting 
of the WTG 10, lifting cables 38 of a pair of cranes 40a, 40b mounted on the 
transporting vessel 22 are attached to opposed marginal portions of the spreader beam 
5 36.. The spreader beam 36 is of framework construction and is mounted on the tower 
12 of the WTG 10. The spreader beam 36 and includes an internal passage 42 in which 
the tower 12 of the WTG 10 is disposed in use. Contact between the spreader beam 36 
and the tower 12 is by slider pads, rubber coated rollers or like means 43 configured to 
avoid, or at least minimise any surface damage to the tower 12. These pads or rollers 

10 43 are arranged at the internal face of the passage 42. A nominal clearance of about 
50mm is provided between the pads or rollers 43 and the WTG tower 12. For mounting 
the spreader beam 36 on the tower 12, the spreader beam 36 may be provided in two 
parts which are joined together around the tower 12. Alternatively, as illustrated in 
Figure 12, the spreader beam 36 may include an opening section 46 which is moveable 

15 about a hinge 48. Thus the spreader beam 36 is offered up to the tower 12 with the 
section 48 in its open condition until the tower 12 is located within the internal passage 
42. The section 46 is then moved about the hinge 48 into its closed condition in which 
the spreader beam 36 enclosed the tower 12 in the internal passage 42. The section 46 
is then secured in its closed condition. 

20 

Under the control of the lifting cables 38, the spreader beam can be raised or lowered 
with respect to the tower 12, that is, the spreader beam 36 can be moved parallel to the 
longitudinal axis of the tower 12. In a typical mode of operation, the spreader beam 36 
has a rest position at the lower end of the tower 12, on or immediately above the frame 
25 26. With the spreader beam in this rest position, the remaining parts of the WTG, 

namely the nacelle 14 and the rotor 16 with blades 18, are conveniently mounted on the 
WTG tower 12. The WTG 10 is then ready for lifting onto the transporting vessel 22. 

For lifting the WTG 10, the spreader beam is raised to its operating position, which is 
30 above the combined centre of gravity of the WTG 1 0 and tower supporting apparatus 24 
(which includes frame 2 and legs 30). Typically, the spreader beam is arranged about 
5m above the combined centre of gravity. The centre of gravity is indicated 
schematically at 44 in Figure 1 . If not already in place, lift cables or slings 34 are then 
connected between clevises on the lower face of the spreader beam and the lifting 
35 attachments 32 of the frame. 
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As can be seem in particular in Figure 2, the tower supporting apparatus 24 including the 
frame 26 is lifted by means of the cranes 40a, 40b so that it is clear of the quayside 20 
and is moved to the deck of the of the transporting vessel 22. As noted above, the 
frame 26 has a plurality of legs 30. In the illustrated embodiment the frame 26 is 
5 provided with eight legs 30. The supporting apparatus 24 is moved using the cranes 
40a, 40b until some, but not necessarily all, of the legs 30 are brought into contact with 
the deck 50. Figure 3A shows that in a referred embodiment four of the eight legs 30 
are brought into contact with the deck 50. The supporting apparatus 24 thus rests on 
the deck 50. However, the cranes 40a, 40b continue to bear at least some, preferably 

1 0 most, and possibly substantially the entire load of the WTG 1 0 and supporting apparatus 
24. The frame 26 is secured t~ the vessel 22 by suitable fastening means to restrain 
movement of the WTG 10 with respect to the vessel 22 and the booms 52 of the cranes 
40a, 40b are moved aft (with respect to the vessel 22). The tower 12 of the WTG 10 is 
at this stage held substantially vertically, but need not be absolutely vertical. Note Figure 

1 5 3B where the tower 1 2 is shown with a small aft-wards inclination. Thus arrangement 
prevents large oscillations and loads developing during transit as the transporting vessel 
22 pitches fore and aft under the action of waves of the sea. 

The WTG 10 is transported to the work site where it is to be installed on the transporting 
20 vessel 22 in its upright condition as illustrated. 

At the work site, the foundation, jacket or base 54 onto which the WTG 10 is to be 
mounted is pre-prepared by the provision of an offshore support apparatus 56. The 
offshore support apparatus 56 is secured (preferably removeably) to the foundation 54. 

25 Conveniently, the offshore support apparatus 56 includes a ring beam 62 which is 
mounted on a jacket transition piece, directly below the main flange of the jacket or 
foundation, to which the lower end of the WTG 10 is ultimately secured. The offshore 
support apparatus 56 is also a framework structure including a plurality of 
interconnecting members 58. On the framework there are arranged a number of 

30 supporting formations 60. The number of supporting formations 60 is equal to the 

number of legs 30 of the supporting apparatus 24, and the supporting formations 60 are 
configured each to receive a part of a respective leg 30, as will be explained below. The 
supporting formations 60 may preferably include a nominally horizontal substantially 
planar surface 61a, but may alternatively include a concavity such as a cup or bore into 

35 which the respective part of the leg 30 may be received. In a preferred form, the support 
formations 60 comprise said nominally horizontal surface and one or more movement 
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limiting upstands 61b depending from one or more margins of the surface. The offshore 
support apparatus further includes one or more alignment members 64 which are used 
to provide coarse (that is, initial approximate) alignment of the tower supporting 
apparatus 24 with the offshore support structure. 

5 

In the most preferred embodiments of the invention, the tower supporting apparatus 24 
includes on each leg 30 an adjustable foot or spigot 66. Each spigot 66 is moveable 
with respect to its respective leg 30 along a line of action which, when the WTG 10 is 
carried in the tower supporting apparatus 24, is substantially parallel to the longitudinal 

1 0 axis of the tower 12. That is, when the tower is nominally vertical, the line of action of 
each spigot 66 is also nominally vertical. The spigots 66 are thus extendable and 
retractable with respect to their legs 30 and suitable means are provided to effect such 
extension and retraction. The means may be mechanical but it is much preferred to use 
a hydraulic mechanism. Thus, each spigot 66 is connected to a hydraulic actuator 67 

15 such as a piston and cylinder arrangement (hereinafter "hydraulic cylinder") which, by 
variation of the applied hydraulic pressure allows or causes extension or retraction of the 
spigot 66. In a variation, the spigot 66 is formed integrally with the hydraulic actuator, 
that is, the hydraulic actuator and the spigot are one and the same component. For 
example, the spigot 66 may be an outer end portion of the cylinder of the piston and 

20 cylinder arrangement. The movement of the hydraulic cylinders 67 is controlled by a 
hydraulic control means 67A, shown schematically in Figure 3A, via a suitable control 
cable (not shown). The control means 67A and associated hydraulic power unit (HPU) 
are preferably mounted on the transporting vessel 22. The hydraulic cylinders 67 are 
supplied with hydraulic fluid (oil) from the vessel-mounted HPU via an appropriate 

25 number of hydraulic hoses (not shown). Manifolds on the tower supporting apparatus 24 
are controlled by the vessel mounted control means 67A. to distribute hydraulic fluid to 
the hydraulic cylinders 67 as required. In operation, the position of each spigot 66 is a 
function of both the applied hydraulic pressure in the hydraulic cylinder 67 and the load 
applied to the spigot 66, such load being that of the WTG 10 and the tower supporting 

30 apparatus 24 which in turn depends on the proportion of the load which is carried by 
cranes 40a, 40b at any given time. In preferred constructions, the leading end of each 
spigot 66 which in use is positioned to lie on the respective surface 61a is provided with 
a low friction surface such as a pad 70 of polytetrafluoroethylene (PTFE) or similar 
material. 



35 
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For transferring the WTG 1 0 from the transporting vessel 22 and mounting the WTG 1 0 
on the foundation 54, the transporting vessel 22 is first moored adjacent the foundation 
54 and the fastening means by which the tower supporting apparatus 24 is secured to 
the deck 50 are released. The tower supporting apparatus 24, which carries the WTG 
5 10, is lifted clear of the deck 50 of the transporting vessel 22 by the cranes 40a, 40b and 
manoeuvred to a position above the foundation 54 by adjustment of the cranes 40a, 40b 
(preferably by adjustment of the booms of the cranes) and, where necessary, 
adjustment of position of the transporting vessel 22. The cranes 40a, 40b are selected 
to provide a clearance between the combined WTG 10 and tower support apparatus 24 

10 and the offshore support apparatus 56 sufficient to accommodate movement of the 
vessel 22 caused by wave action. Typically the clearance is at least 1m and preferably 
at least 1.5m. The clearance between the WTG10 and the foundation 54 is about 2m 
when the above-mentioned clearance is 1 .5 m. The alignment members 64 which are 
arranged in an upstanding configuration with respect to the offshore support apparatus 

15 are used to assist in guiding the tower supporting apparatus 24 into the correct 

alignment with the offshore support apparatus 56. Advantageously, the tower supporting 
apparatus includes corresponding alignment members 68 which are positioned to 
contact the alignment members 64 of the offshore support apparatus 56 during this initial 
alignment phase. Preferably the alignment members 68 form a "bumper ring" around 

20 the tower support apparatus 24. In another preferred feature, the mountings for the 
spigots and/or their hydraulic cylinders 67 are disposed outwardly of the alignment 
members 68 and can provide a fulcrum, in combination with the upright alignment 
members 64 of the offshore support apparatus, by which the rotational alignment of the 
tower supporting apparatus 24 (and consequently of the WTG 10) can be adjusted. For 

25 finer adjustment of the position of the WTG 1 0 with respect to the foundation 54, the 
tower supporting apparatus 24 is advantageously provided with an alignment system 
comprising further hydraulic actuators ("cylinders") which act to cause the spigots 66 to 
slide (by virtue of their low friction pads) on the horizontal surfaces 61a of the supporting 
formations 60. Typically six such hydraulic cylinders are provided, comprising four 

30 mounted near the centre of the frame 26 which provide horizontal translation of the WTG 
10 and two mounted at two respective spigots 66 to provide rotational adjustment. 

When the tower supporting apparatus 24 is in the correct alignment, each spigot 66 is 
disposed directly above a corresponding supporting formation 60. Upstands 61 b of the 
35 supporting formations 60 assist in the alignment process by resisting movement of the 
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tower supporting structure 24 which would move the spigots 66 beyond their respective 
horizontal surfaces 61a. 



At, or prior to, this stage, the hydraulic control means 67A is used to fully extend the 

5 hydraulic cylinders 67 and consequently the spigots 66, but under a relatively low 

pressure, so that there is only a relatively small resistance to retraction of the spigots 66 
under an applied load and so that the spigots will extend again on removal of the load. 
The cranes 40a, 40b are used to lower the tower supporting structure 24 until the spigots 
66 come into contact with the supporting formations 60. Given that the transporting 

10 vessel 22 is subject to the action of waves, it can be appreciated that initially some or all 
of the spigots 66 may make intermittent contact with their corresponding supporting 
formations 60, as the transporting vessel 22 rises and falls. The spigots 66 can 
accommodate falling motion of the vessel by retracting, since the relatively low hydraulic 
pressure in the hydraulic cylinders permits this. The cranes 40a, 40b continue to lower 

1 5 the tower supporting apparatus 24 until all the spigots 66 remain in contact with their 
respective supporting formation 60 throughout the wave cycle. At this stage, the control 
means 67A for the hydraulic cylinders is adjusted to a second mode in which there is 
more resistance to retraction of the spigots 66 so that they can be retracted only under a 
relatively high load (if at all), but only a relatively low load is required for extension of the 

20 spigots 66. As the transporting vessel 22 rises on a wave the hydraulic cylinders, and 
consequently the spigots 66, extend. As the transporting vessel 22 begins to fall into the 
next wave trough the spigots 66 and cylinders 67 carry the full weight of the tower 
supporting apparatus 24 and the WTG 1 0 so that in this part of the wave cycle all of the 
load is carried by the offshore support apparatus 56, through the supporting formations 

25 60. As the cranes 40a, 40b continue to lower the tower supporting apparatus 24, all of 
the spigots 66 remain in contact with their respective supporting formations 60 and the 
load of the WTG 1 0 is carried in varying proportions by the cranes 40a, 40b and the 
offshore support apparatus 56, as the vessel 22 is subject to wave motion. As the crane 
40a, 40b continue to pay out the load is progressively transferred from the cranes 40a, 

30 40b onto the offshore support apparatus 56 until no load is carried by the cranes 40a, 
40b. 



The cranes 40a, 40b continue their lowering operation until the lifting slings 34 become 
slack. Thus, the hydraulic cylinders 67 and spigots 66 provide a damping and stabilising 
35 system which controls and mitigates the contact forces between the tower supporting 
apparatus 24 and the offshore support apparatus 56. After final alignment of the WTG 
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10 with the foundation, the hydraulic pressure in the cylinders 67 is reduced so that the 
WTG 10 is lowered onto the foundation 54 and suitably secured. Commonly, the WTG 
10 and the foundation comprise complementary flanges and the WTG 10 is secured to 
the foundation by bolting the flanges together. In this case, the bolts may inserted into 
5 the flanges before the WTG 10 is finally lowered onto the foundation 54 by allowing the 
spigots 66 to retract. The bolts are secured after the WTG 10 is lowered into its final 
position. Other methods of securing may, of course, be used. 

When the WTG 10 is supported by the offshore support apparatus 56, and preferably 
10 prior to the final lowering of the WTG 10 onto the foundation 54, the cranes 40a, 40b 
continue their lowering operation so that the spreader beam 36 is lowered and hence 
moves parallel to the longitudinal axis of the tower 12. The spreader beam 36 is lowered 
until it rests on the tower supporting apparatus 24. Lowering of the spreader beam in 
this way reduces the risk that the transporting vessel 22 might overturn should it move 
15 off-station for any reason prior to disengagement of the lifting apparatus from the tower 
support structure 24. The lowered position of the spreader beam 36 is illustrated in 
particular in Figures 1 1A, 1 1B and 12. As may be seem from Figure 12, the lifting slings 
34 can then be detached from the tower supporting structure 24. 

20 When the WTG 10 is secured in its final position of use, the spreader beam 36 is 

recovered to the transporting vessel 22. For this step, the spreader beam 36 is suitably 
attached to canes 40a, 40b or other available lifting apparatus, the opening section 46 is 
released and opened about hinges 48 and the spreader beam is lifted onto the vessel 
22. The tower supporting structure is 24 is also recovered by disconnecting it from the 

25 tower 12 and using lifting equipment such as cranes 40a, 40b to transfer it to 

transporting vessel 22. The offshore support apparatus 56 is also recoverable, at least 
in part. The offshore support apparatus 56 may be lifted onto the vessel 22 in, for 
example, two or more sections. It may be convenient not to recover the ring beam 62 
which then remains attached to the foundation 54. The alignment members 64 may be 

30 separately removable, prior to the disassembly of the remainder of the offshore support 
apparatus. 

Throughout the description and claims of this specification, the words "comprise" and 
"contain" and variations of the words, for example "comprising" and "comprises", means 
35 "including but not limited to", and is not intended to (and does not) exclude other 
moieties, additives, components, integers or steps. 
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Throughout the description and claims of this specification, the singular encompasses 
the plural unless the context otherwise requires. In particular, where the indefinite article 
is used, the specification is to be understood as contemplating plurality as well as 
5 singularity, unless the context requires otherwise. 

Features, integers, characteristics, compounds, chemical moieties or groups described 
in conjunction with a particular aspect, embodiment or example of the invention are to be 
understood to be applicable to any other aspect, embodiment or example described 
10 herein unless incompatible therewith. 
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CLAIMS 

1. Apparatus for use in supporting an offshore structure including a longitudinally 
extensive shaft, mast or tower, the apparatus comprising: 

5 a frame including an engaging portion configured to engage the shaft, mast or 

tower, a plurality of legs configured to rest on an underlying supporting surface and 
a plurality of lifting formations by which the frame may operatively be lifted, the 
frame being configured to support and carry the offshore structure with the shaft, 
mast or tower in a substantially upright condition. 

10 

2. Apparatus as claimed in claim 1 wherein each leg includes an adjustable foot, each 
foot being moveable between an extended condition and a retracted condition and 
wherein the apparatus further comprises a control arrangement operable to control 
the movement of each foot. 

15 

3. Apparatus as claimed in claim 2 wherein each foot moves along a line of action, the 
lines of action of the respective feet being parallel and nominally vertical when the 
offshore structure is supported with the shaft, mast or tower in its substantially 
upright condition. 

20 

4. Apparatus for transporting an offshore structure including a longitudinally extensive 
shaft, mast or tower and for mounting the offshore structure on an offshore support 
base, the apparatus comprising: 

a frame including an engaging portion configured to engage the shaft, mast or 
25 tower, a plurality of legs configured to rest on an underlying supporting surface and 

a plurality of lifting formations by which the frame may operatively be lifted, the 
frame being configured to support and carry the offshore structure with the shaft, 
mast or tower in a substantially upright condition 
a transporting vessel, 

30 a pair of lifting cranes mounted on the vessel, the lifting cables of the cranes being 

operatively connected to the lifting formations of the frame, whereby the offshore 
structure, carried in the frame may operatively be lifted from land onto the vessel. 



5. Apparatus as claimed in claim 4 further comprising a spreader beam operatively 
35 arranged above the centre of gravity of the combined offshore structure and frame, 
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the spreader beam being attached to the lifting cables of the crane and operatively 
moveable with respect to the longitudinal dimension of the shaft, mast or tower. 

6. Apparatus as claimed in claim 5 wherein the shaft, mast or tower of the offshore 
5 structure passes through the spreader beam. 

7. Apparatus as claimed in claim 4 or 5 wherein each leg includes an adjustable foot, 
each foot being moveable between an extended condition and a retracted condition 
and wherein the apparatus further comprises a control arrangement operable to 

1 0 control the movement of each foot. 

8. Apparatus as claimed in claim 7 wherein each foot moves along a line of action, the 
lines of action of the respective feet being parallel and nominally vertical when the 
offshore structure is supported with the shaft, mast or tower in its upright condition. 

15 

9. Offshore support apparatus for use in mounting in or on an offshore foundation an 
offshore structure including a longitudinally extensive shaft, mast or tower, the 
offshore structure being operatively carried with the shaft, mast or tower in a 
substantially upright condition in a frame including an engaging portion configured 

20 to engage the shaft, mast or tower, a plurality of legs configured to rest on an 

underlying supporting surface and a plurality of lifting formations by which the 
frame may operatively be lifted, the offshore support apparatus comprising 
attachment means configured operatively to attach the offshore support apparatus 
to the offshore foundation, a support frame depending from the attachment means 

25 and a plurality of supporting formations equal in number to the number of legs of 

the frame and configured to support respective legs of the frame. 

10. System for mounting, in or on an offshore foundation, an offshore structure 
including a longitudinally extensive shaft, mast or tower, the system comprising: 

30 a frame including an engaging portion configured to engage the shaft, mast or 

tower, a plurality of legs configured to rest on an underlying supporting surface and 
a plurality of lifting formations by which the frame may operatively be lifted, the 
frame being configured to support and carry the offshore structure with the shaft, 
mast or tower in a substantially upright condition; and 

35 an offshore support apparatus comprising attachment means configured 

operatively to attach the offshore support apparatus to the offshore foundation, a 
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support frame depending from the attachment means and a plurality of supporting 
formations equal in number to the number of legs of the frame and configured to 
support respective legs of the frame. 

5 11. System as claimed in claim 1 0 further comprising: 
a transporting vessel; and 

a pair of lifting cranes mounted on the vessel, the lifting cables of the cranes being 
operatively connected to the lifting formations of the frame, whereby the offshore 
structure, carried by the frame, may operatively be lifted from land onto the vessel 
1 0 and from the vessel onto the offshore support foundation. 

12. System as claimed in claim 10 further comprising a spreader beam operatively 
arranged above the centre of gravity of the combined offshore structure and frame, 
the spreader beam being attached to the lifting cables of the crane and operatively 

15 moveable with respect to the longitudinal dimension of the shaft, mast or tower. 

13. System as claimed in claim 12 wherein the shaft, mast or tower of the offshore 
structure passes through the spreader beam. 

20 14. System as claimed in any of claims 10 to 13 wherein each leg includes an 

adjustable foot, each foot being moveable between an extended condition and a 
retracted condition and wherein the frame further comprises a control arrangement 
operable to control the movement of each foot, the feet of the frame and the 
supporting formations of the offshore support apparatus being configured so that 

25 the feet are supported by the supporting formations when the offshore structure is 

mounted in its operative position. 

15. System as claimed in claim 14 wherein each foot moves along a line of action, the 
lines of action of the respective feet being parallel and nominally vertical when the 

30 offshore structure is supported with the shaft, mast or tower in its substantially 

upright condition. 

16. System as claimed in any of claims 10 to 15 wherein the offshore support 
apparatus further includes alignment means which operatively cooperate with the 

35 frame to assist in the alignment the legs and the supporting formations. 
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17. A method of mounting an offshore structure including a longitudinally extensive 
shaft, mast or tower on a transporting vessel, the method comprising: 
providing on land a frame including an engaging portion configured to engage the 
shaft, mast or tower, a plurality of legs configured to rest on an underlying 

5 supporting surface and a plurality of lifting formations by which the frame may 

operatively be lifted, 

securing the frame to the offshore structure; 

providing a pair or lifting cranes on the transporting vessel, each crane having a 
lifting cable; 

1 0 connecting the lifting cables to the lifting formations of the frame; and 

lifting the frame carrying the offshore structure from the land to the vessel such that 
at least some of the legs are supported by the deck of the vessel and the offshore 
structure is retained in a substantially upright condition at least partially by the 
action of the cranes. 

15 

18. A method as claimed in claim 17 further comprising: 

before the step of lifting the frame, providing a spreader beam, mounting the 
spreader beam on the shaft, mast or tower and attaching the lifting cables of the 
cranes to the spreader beam such that the spreader beam may operatively be 
20 moved longitudinally with respect to the shaft, mast or tower; 



19. A method of transferring an offshore structure including a longitudinally extensive 
shaft mast or tower from a transporting vessel to an offshore support foundation, 
the method comprising 
25 providing: 

a tower supporting apparatus including a frame arranged on the vessel and 
supporting the offshore structure, the frame comprising an engaging portion 
which engages the shaft, mast or tower, a plurality of legs at least some of which 
are supported on the deck of the vessel and a plurality of lifting formations by 
30 which the frame may operatively be lifted; 

a pair or lifting cranes on the transporting vessel, each crane having a lifting 
cable connected to the lifting formations of the frame; 
a spreader beam mounted on the shaft, mast or tower and to which the lifting 
cables of the cranes are attached, the spreader beam being operatively 
35 moveable longitudinally with respect to the shaft, mast or tower; 
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an offshore support apparatus comprising attachment means by which the 
offshore support apparatus is attached to the offshore foundation, a support 
frame depending from the attachment means and a plurality of supporting 
formations equal in number to the number of legs of the frame and configured to 
5 support respective legs of the frame 

the method comprising: 

lifting the tower supporting apparatus and offshore structure from the vessel with 
the cranes and retaining the offshore structure with the shaft, mast or tower in a 
substantially upright configuration; 
10 moving the tower supporting apparatus carrying the offshore structure to a position 

above the offshore support foundation and aligning the legs of the frame with the 
support structures of the offshore support apparatus; 

lowering the offshore structure onto the offshore support base such that the legs 
are supported by the supporting formations of the offshore support apparatus; 
1 5 and securing the offshore structure to the offshore support apparatus. 

20. A method as claimed in claim 19 wherein each leg includes an adjustable foot, 
each foot being moveable between an extended condition and a retracted condition 
and wherein the frame further comprises a control arrangement operable to control 
20 the movement of each foot, the method further comprising: 

allowing each foot to extend and retract substantially freely as the offshore 
structure is lowered to the offshore support apparatus until each foot remains in 
contact with the corresponding support formation of the offshore support 
apparatus; and 

25 adjusting the control arrangement such that retraction of the feet is restricted or 

prevented, whereby the load of the offshore structure is transferred to the offshore 
support apparatus. 
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